HEAT TREATED FISCHER-TROPSCH CATALYST PARTICLES 



This invention relates to catalysts. More particularly the invention relates to a 
method of making breakage resistant self-supported' precipitated iron-based 
Fischer-Tropsch catalyst particles, to a method of making self-supported 
precipitated iron-based Fischer-Tropsch catalyst particles having superior 
synthesis performance or activity, to catalyst particles made according to the 
methods, and to the use of said catalyst particles in a slurry bed Fischer-Tropsch 
reactor. 

BACKGROUND OF THE INVENTION 

US Patent Nos. 5324335 and 5504118 disclose the production of roughly 
spherical iron-based Fischer-Tropsch catalyst particles having diameters in the 
range of between 1 and 50 microns which are annealed by heating in air at 
about 316°C (600°F) to drive off residual moisture and to stabilise the catalyst. 
The annealing step i.e. the heating and gradual controlled cooling, converts the 
Goethite to Hematite whereafter the catalyst may be activated and used. 
According to these patents, the annealing does not lead to a breakage resistant 
or a superior performance catalyst particle. 
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South African Patent No. 90/7530 discloses the production of an iron-based 
Fischer-Tropsch catalyst including from 1 to 80% by mass of activated carbon. 
This catalyst shows improved breakage resistance over conventional catalyst, 
particularly where the particle diameters are below about 45 micron. The 
catalyst particle of this patent does not have superior synthesis performance and 
is expected to hydrothermally sinter at about 300°C. 

A need thus exists for breakage resistant iron-based Fischer-Tropsch catalyst 
particles, in particular for use in a low temperature Fischer-Tropsch process, 
such as that carried out in a slurry bed reactor, for the production of, amongst 
others, wax and other syncrudes, as well as chemicals. The breakage resistant 
self-supported precipitated iron-based Fischer-Tropsch catalyst particles will 
ideally inhibit the formation of catalyst fines in the reactor thereby maintaining 
the performance of the reactor and reduce the contamination of down stream 
processes and catalysts by the catalyst fines. 

In this specification, unless the context clearly indicates to the contrary, the term 
'lines" when used in relation to catalysts and catalyst particles is to be 
understood to mean particles which due to their dimensions, when present at a 
concentration of about 30% of the total catalyst, tend to reduce the performance 
of the solid separation system of a Fischer-Tropsch slurry bed reactor. Typically 
fines have a diameter of less than about 45 microns, usually about 22 microns. 
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A further long felt need which exists is that for self-supported precipitated iron- 
based Fischer-Tropsch catalyst particles having superior synthesis performance 
or activity, in particular for use in a low temperature Fischer-Tropsch process, 
such as that carried out in a slurry bed reactor, for the production of wax and 
other syncrudes, as well as chemicals. 

BRIEF SUMMARY OF THE INVENTION 

It is well expected that heat treatment of self-supported precipitated catalyst 
particles has a negative effect on the activity thereof. In particular, the catalyst 
particle surface area and pore volume are likely to be reduced at temperatures 
above 250°C. Those skilled in the art therefore generally tend to avoid such 
heat treatment of such Fischer-Tropsch catalyst material. 

Surprisingly it has now been found that the breakage resistance and the 
synthesis performance or activity of self-supported precipitated iron-based 
Fischer-Tropsch catalyst particles can be increased by the heat treatment 
thereof at temperatures of at least 250°C. 
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Accordingly, the invention provides a method of producing self-supported 
precipitated iron-based catalyst particles for use in a Fischer-Tropsch slurry-bed 
process, the said particles being breakage resistant and thus inhibiting the 
formation of catalyst fines, the method including the heat treatment of the said 
particles at a temperature of at least 250°C. 

The heat treatment may be calcination of the said particles at a temperature of at 
least 250°C. 

The heat treatment of the said catalyst particles may be carried out at a 
temperature of between 250 °C and 500 °C, preferably between 320 °C and 500 
°C t more preferably between 360 °C and 390 °C, most preferably at 380°C. 

According to a second aspect of the invention, there is provided a method of 
producing self-supported precipitated iron-based catalyst particles for use in a 
Fischer-Tropsch slurry-bed process, the catalyst particles having a superior 
synthesis performance or activity under low temperature Fischer-Tropsch slurry- 
bed operating conditions, the method including the heat treatment of the said 
catalyst particles at a temperature of at least 250 °C. 

The heat treatment temperature of the method may be between 250 °C and 
500°C, preferably between 320°C and 500°C, more preferably between 360°C 
and 390°C, most pref rably 380°C. 
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Typically the said catalyst particles are maintained at the heat treatment 
temperature for at least 0.1 hours, preferably between 0.2 and 12 hours, more 
preferably between 0.5 and 4 hours. 

According to a further aspect of the invention there are provided self-supported 
precipitated iron-based catalyst particles for use in a Fischer-Tropsch slurry-bed 
process, the said catalyst particles being produced according to a method of 
heat treatment of the said catalyst particles as described above. 

According to yet a further aspect of the invention, there is provided a method of 
maintaining the performance of a solid separation system of a Fischer-Tropsch 
process slurry bed reactor where a reduction in performance is caused by an 
increase in catalyst particle fines in the slurry bed reactor, the method including 
the use of the catalyst particles as described above. 
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According to yet a further aspect of the invention, there is provided a process for 
synthesis of syncrudes and/or chemicals, for example, waxes, the process 
comprising the step of contacting a suitable synthesis gas, at suitable 
temperatures and pressures in a Fischer-Tropsch slurry-bed reactor, with self- 
supported precipitated iron-based Fischer-Tropsch catalyst particles as 
described above. 

The process may be carried out in a suitable vessel, with unreacted reactants 
and gaseous product being withdrawn above the slurry bed, and separated 
liquid product also being withdrawn from the vessel. 

Typical suitable operating temperatures for the process are temperatures in the 
range 160°C to 280°C, or even higher for production of lower boiling point 
product. 

Typical suitable operating pressures are pressures in the range 18 Bar to 50 
Bar. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be illustrated by means of the following non-limiting 
examples: 
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EXAMPLE 1 



This example illustrates that the heat treatment of self-supported precipitated 
iron-based Low Temperature Fischer Tropsch catalyst particles for slurry bed 
application results in an increase in the mechanical strength of the said catalyst. 

For a laboratory microscale operation, 250 grams of pilot plant and commercially 
prepared catalyst was placed in a porcelain dish in a muffle furnace. The furnace 
was subsequently heated to the desired heat treatment temperature at a heating 
rate of 1°C/min. The heat treatment or calcination temperature (as indicated in 
Table 1 below) was maintained for 4 hours after which the furnace was allowed 
to cool down to below 100°C. 

For larger scale operation the catalyst was fed from a hopper at room 
temperature to a portable pilot plant scale rotary kiln. This kiln had a refractory 
lining and was electrically heated. The dimensions of this equipment were as 
follows: length=2.1m, diameter=0.47m, inclination=2° f rotational speed=1rpm. 
The average temperature inside the kiln was controlled at 385°C. The feed rate 
was varied around 30 kg/h which resulted in a residence time of close to 1 hour. 
1500 kg of catalyst was heat treated in this manner. 
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A sample of . catalyst particles that were heat tr at d according to the mann r 
described above was subjected to a Jet Impingement test. In this test a jet of air 
is used to impinge fresh catalyst particles against a plate. The smaller than 22 
micron fraction of jet impinged sample is normally taken as a measure of the 
catalyst particle mechanical strength. Table 1 shows the results that were 
achieved from this test. Standard pilot plant prepared catalyst particles, and 
standard commercially prepared catalyst particles were used as reference 
materials. 

Table 2 also reflects the results obtained from a repeated jet impingement test 
conducted on a sample that was heat treated at 300°C. Repeated jet 
impingement results indicated that the heat treated catalyst particles are 
stronger even after the initial break-up. It can be concluded that heat treatment 
induces strength to the whole particle, and not only to the outer shell of the 
particle. 
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EXAMPLE 2 



This example illustrates that heat treatment of standard self-supported 
precipitated iron based Low Temperature Fischer Tropsch slurry bed catalyst 
particles does not alter the iron phase composition nor the crystallinity of the 
said catalyst particles; but rather promotes the enhancement of the catalyst 
particles' mechanical strength. 

The phase composition and relative crystallite size of both the untreated 
standard catalyst particles and the heat treated samples were determined by 
Mossbauer spectroscopy at 4.2 K. The parameters are presented in Table 3. 

Both samples can be described as highly dispersed Fe(III)oxide. The Fe-phase 
has been identified as a-Fe 2 0 3 . The particles display superparamagnetic 
behaviour and from the quadropole splitting parameter the size of the primary 
particles was estimated as between 2 and 4 nm. 

At 77K the heat treated sample shows a slight increase in the A value, indicating 
a corresponding decrease in the primary particle size. Based on these results it 
would seem as if the heat treatment causes a restructuring or reordering of the 
ions making up the primary particle, thus leading to a state of lower energy i.e. a 
stronger particle. 
EXAMPLE 3 
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This example illustrates that heat treatment of the catalyst particles results in a 
major improvement of the solid separation system performance of said catalyst 
particles as experienced in a semi-works pilot plant reactor. 

The liquid product recovery rate as a function of cycle number for a synthesis 
run with untreated catalyst particles is depicted in Graph 1 . The separation rate 
levels obtained from a synthesis run operating with these standard catalyst 
particles only reached a maximum of 350 relative units per hour. 

Data for a similar synthesis run with heat treated catalyst is presented in Graph 
2. The average liquid product recovery rate is clearly above 1000 relative units 
per hour. 

EXAMPLE 4 

This specific example illustrates that calcining or heat treating standard self- 
supported precipitated iron-based Low Temperature Fischer-Tropsch catalyst 
particles for slurry bed application results in a significant reduction of the amount 
of fines that the catalyst particles generate under normal Fischer-Tropsch 
synthesis conditions. 
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Particle size distributions of repres ntative on line catalyst particle samples were 
obtained for periods when untreated and heat treated catalyst particles were run 
respectively as outlined in example 3 above. A comparison of the catalyst fines 
content is presented in Table 4. The heat treated catalyst clearly shows a 
dramatic decrease in the amount of fines present in the reactor. 

Scanning electron micrographs of the above mentioned untreated and heat 
treated on-line catalyst particle samples are presented in Micrographs 1 and 2 
respectively. The absence of fine catalyst particles in the heat treated sample is 
once again obvious for the heat treated version. 

EXAMPLE 5 

This example shows that there is a marked increase in activity of standard self- 
supported precipitated iron-based Fischer-Tropsch catalyst particles upon heat 
treatment. This is elegantly illustrated in Graph 3, The catalyst activity shows a 
continuous increase after the change to heat treated catalyst particles which is 
indicated by a vertical bar in Graph 3. 



EXAMPLE 6 



This example illustrates that removal of residual moisture from freshly prepared 
catalyst particles does not lead to mechanically stronger catalyst particles. 

A sample of untreated standard catalyst particles was treated in a vacuum oven 
at 100°C until the moisture content was half the original value. Both the 
untreated and the vacuum dried samples were subsequently subjected to a Jet 
Impingement (Jl) test in order to measure their mechanical strength. The results 
are compared with a heat treated example in Table 5. 
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